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SITE SUMMARY

The research is conducted at the University of Missouri Lee Greenley
Jr. Memorial Research Center located near Novelty, MO. The soil
series was Blackoar silt loam, which is a floodplain soil.

Between 2010 and 2013, this site (MO-Knox4) was used as an
annual pasture with controlled, free and no drainage plots. In fall
2015 it was converted to DWR (and renamed to MO-Knox2) by
connecting controlled drainage to the nearby pond for
subirrigation of the crops. Currently, there are 6 research plots with
two replications for each treatment:

« 2 plots with no drainage

« 2 plots with conventional drainage (tile lines installed at a depth of 3
feet and a spacing of 60 feet)

» 2 plots with controlled (or managed) drainage with subirrigation

(tile lines installed at a depth of 3 feet and a spacing of 30 feet)

Size of individual plots are approximately 0.6 and 0.9 acres for
replications one and two, respectively.
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Figure 1. Map of controlled drainage/drainage water recycling site in Missouri.

CHARACTERISTICS
- Soil: Blackoar silt loam
- Rotation: Forage (Winter Rye followed by Sorghum
Sudan Grass; 2009-2014), Continuous Corn
(2015-2018)
WATER MANAGEMENT PRACTICES
- Non-drained
- Conventional Drainage (depth 3 feet, spacing 60 feet)
- Controlled (or managed) Drainage (depth 3 feet,
spacing 60 feet [2009-2014])
- Controlled Drainage with Subirrigation (depth 3 feet
spacing 30 feet [2015-2018])

MEASUREMENTS IN DATABASE

DRAINAGE SYSTEM

- Tile Flow (2010-2013, 2016-2017)

- Tile Water Quality: Nitrate-N (2010-2013, 2016-2017),
Total Phosphorus (2016-2017)

- Irrigation Flow (2015-2018)

CROP

- Crop Yield and Final Plant Population (2015-2018)

- Total N: Vegetative (2016-2018), Grain (2017-2018)

SOIL

- Soil Texture (2015-2017)

- Soil Bulk Density (2013)

- Soil Fertility: pH, Cation Exchange Capacity,
Neutralizable Acidity, SOM, Soil Nitrate
(2011-2013, 2015-2017), and Ammonium
(2011-2013, 2015, 2017)

WEATHER

- On-Site Weather Station: Precipitation, Air
Temperature, Relative Humidity, Solar Radiation,
Wind Speed and Direction (2010-2013,
2015-2018), Evapotranspiration (2015-2018)
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SUMMARY OF RESULTS

Forage Yield

The expansion of forage production may utilize poorly
drained floodplain soils to meet increased forage
demand and improved forage quality. Research from
2009 to 2013 evaluated the impact of free drainage (FD),
managed drainage systems (MD), and no drainage (ND)
on forage production, nitrogen (N) uptake, and nitrate
(NOs) concentration in winter rye and forage sorghum.
On average across years, MD did not increase forage
production compared to FD, but the presence of
subsurface drainage (both FD and MD) increased total
forage biomass production by 27% to 32% compared to
ND (Figure 2). Annual plant N uptake increased 30% with
MD and 41% with FD compared to ND when averaged
across the four-year study. Nitrate concentration in
harvested winter rye biomass never reached a
concentration that could impact cattle grazing the forage
over the four-year study. Regardless of subsurface
drainage system, NOs concentration in forage sorghum in
two study years ranged from 1,310 to 4,520 mg kg,
which corresponded to toxic to extremely toxic levels
and could put cattle productivity at risk. Dry summer
months may have contributed to the high NOs
concentrations observed in forage sorghum. Subsurface
drainage may provide farmers with an opportunity to
increase annual forage production from rye and forage
sorghum, but farmers should have forage sorghum
tested for NOs concentrations before feeding.

CornYield

Between 2015 and 2020, research evaluated corn yield
response to drainage water recycling (DWR), free
drainage (FD), and non-drained (ND) conditions.
Precipitation varied throughout the study, with 2015 and
2019 being wetter than average growing seasons and
remaining years drier than average. Annual irrigation
was applied through subirrigation and totalled 0 (2015),
1.77 (2016), 3.03 (2017), 5.39 (2018), 1.18 (2019), and 1.37
(2020) inches. Corn yield response to both DWR and FD
treatments was significantly greater (20%-26%) than ND,
when averaged across the 6-year study period (Figure 3).
Extreme flooding occurred in 2015, which greatly
reduced overall corn yields in 2015 across all treatments.
DWR increased corn yield by 17% (2017), 34% (2019), and
48% (2020) compared to ND. During 2018, DWR
increased corn yield by 29% compared to FD. There were
no significant effects of DWR and FD on grain nutrient
concentrations. However, total grain nutrient removal,
grain oil, and protein production were generally greater
with DWR and FD.
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Figure 2. Total annual forage yield (winter rye and forage sorghum) from
October through September averaged over 2009 to 2010, 2010 to 2011,
2011to 2012, and 2012 to 2013. Letters over drainage treatments (free
subsurface drainage [FD], managed subsurface drainage [MD], and no
subsurface drainage [ND]) represent differences in yield using Fisher’s

protected LSD at P<0.05.
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Figure 3. Grain yield response to drainage water recycling, free drainage,
and non-drained water management systems from 2015 to 2020 near
Novelty, MO. Letters indicate significant differences among treatments.
Comparisons within the average data (capital letters) are valid and
comparisons between years and drainage water management
treatments (lower case letters) are valid.
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Water Quality

The impact of controlled subsurface drainage (CD) on nitrogen and phosphorus loss compared with free subsurface drainage
(FD) in subsurface tile drainage water has been explored in annual cropping systems, but to a lesser extent in forage
production systems. This research determined the effects of CD and FD on average seasonal concentrations and cumulative
loads of the total suspended solids (TSS), nitrate nitrogen (NOs-N), and dissolved reactive phosphorus (DRP) in subsurface
drainage water from a poorly drained floodplain soil in a cereal rye-sorghum rotation with rotational cattle grazing from 2010
to 2013. During all crop seasons with sorghum production, CD had 6.03-9.63 mg L less NOs—N than FD. Mean DRP
concentration was significantly higher for CD than for FD during all seasons except for sorghum in 2012-2013. Average
cumulative discharge was 38 and 314 m3 ha" less for CD than for FD during sorghum and cereal rye growing seasons,
respectively (Table 1). Controlled drainage had 0.68-6.14 kg ha' lower cumulative NOs—N loads than FD. The DRP loads were
affected by discharge. During the sorghum growing seasons, TSS and DRP loads were 79-90% lower in CD compared with FD.
The ability to reduce drainage water flow from tiles and subsequent nitrogen and phosphorus loading with CD compared with
FD in a floodplain soil indicates that CD can be an effective best management practice for forage production systems.

Table 1. Average cumulative loads per year of 3 yr of study and p values of nutrient loads of discharge (Q), total suspended solids (TSS),
dissolved reactive P (DRP), and NOs-N in tile-drained water with free drainage (FD) and controlled drainage (CD).

Note: Within a column, means followed by the same letter are not statistically different (P =0.1)

Average cumulative load
Denominator Cereal rye Sorghum
Treatment df Q TSS NO,;-N DRP Q TSS NO,;-N DRP
m> ha™! kg ha ! gha™! m?> ha™! kg ha! gha!
FD - 1,069a 20.74 8.96a 106.1 45.03a 0.47a 0.69a 6.47a
CD - 755b 27.44 2.82b 105.72 6.77b 0.10b 0.01b 0.66b
P value 5 0918 .2458 0748 .9893 0594 0832 0269 0732

Figure 4. Water control structure and sampling equipment Figure 5. Water storage reservoir
mounted to avoid damage or malfunction during flooding
and grazing.
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Data Access
Data from this site are available through the USDA National Ag Library Ag Data Commons repository (https://doi.org/10.15482/USDA.ADC/1521092) or the interactive website

at lowa State University with visualization and querying capabilities (https://drainagedata.org).
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